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(54) Tllle: METHOD FOR CASING A WELLBORE 
(57) Abstract 

Casing (15) is insuUed in a well in a folded collapsed condition by uncoiling 
h firom a red (87). Two strings of tubing (27. 29) extend continuously tfaiough the 
collapsed casing. Dae of the strings of tubing (27) is cocnecied toacemeot shoe (19) 
at teh lower end of the casing. An opening tool (31) Is located above die conem shoe 
(19) and includes a piston (33). "nic otfierstringof tt*tog (29)ejitends toa piessure 
ch«ibcr (33) that u between the piston (33) and die cement shoe (19). After Ae 
casing (15) is lowered with a running tool to die desiitd depdi. cement is pumped 
down tfae Ant string of tubing (27). which flows back up die annulus suxrounding 
the casing. A liquid is then pumped down the second string of tubing (29) into 
the pressure chamber (35). causing the piston (33) to push the conical fonning head 
upwanl (38. 39) relative to the casing (15) and tbe strings of mbing (27. 29) The 

f^HS ^ ^ [^^^ ^ collapsed condiiion into a cyUndrical configuration, TTjc naming tool (551 letriev^ 

the strings of tubug sod die opening tool (31) at Ae condusioa of the opening and drifting pioc^ 
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METHOD FOR CASING A WELLBORE 

Technical Rcld 

This invention relates in general to installing well casing in oil and gas 
wells and in panicular to a method involving fabricating and collapsing casing, running 
s the collapsed casing into the well and opening the casing into a cylindrical 
configuration. 

Background Art 

Oil and gas wells are typically drilled by installing a conductor pipe to first 
10 depth, then drilling the well to a second depth. A string of casing is made up by 
coupling together sections of pipe, each being about forty feet long and lowering it 
inside the conductor pipe in a nested arrangement. Cement is then pumped down the 
casing which flows back up the annulus between the casing and the open borehole. 
Drilling is resumed to a third depth and the process is rq>eated with anc^ther smaller 
IS diameter nested casing. An even smaller diameter string of casmg may be installed at a 
fourth depth. 

These casings serve to support the borehole wall and to prevent undesired 
outflow of drilling fluid into the fonnation or inflow of fluid from the fonnation into 
the borehole from strata other than the target production strata. The nested 

20 arrangement requires a relative large borehole at the upper part of the wellbore due to 
the thickness of casing couplings and also due to the minimum clearance necessary 
between casing to displace cement in the annulus space. 

Larger borehole are more costly to drill since they requh-e larger drill bits» more 
mud, and more cuttings disposal. Also, a larger diameter pipe has a lower pressure 

25 rating for the same wall thickness than a smaller diameter pipe, in consequence the 
casing have to cover the previous one up to the wellhead to enhance the pressure 
capability as the well goes deeper. Also conventional casing requires a derrick to 
make-up the pipe sections and lower the casing string into the well. Derricks are big 
and costly to move, and rutming casing in forty foot section is time consuming. 

30 Liners are employed in some wells. A liner is similar to a casing, however, 

rather than extending completely to the surface wellhead, the upper end of the liner is 
suspended on the lower end of the previous string. Liners still must be run by making- 
up pipe sections together and are employed usually to extend in limited lengths torn 
only the snoallest diameter full length casing installed. 

3S Coil tubing uiuts pennit one to rapidly run a continuous metallic tubing into a 

well. The tubing is plastically coiled on large reels. A pushing mechanism straightens 
up the tubing and lowers it into the well as it is imcoil^ from the reel. Coil tubing is 
used to circulate fluids into wells for various purposes. However, it is seldom used to 
serve as casing due to its small diameter. Coil tubing is smaller in diameter than 

40 ^tcal casings which have usually a mimmum diameter of five inches. It would require 
a large reel to be able to coil several thousand feet of metallic casing of five inches in 
diameter or larger. 

Disclosure of Inve ntion 
45 In this invention, a metal strip plate is formed in a generally tubular 

configuration, and welded longitudinally with at least one string of continuous tubmg 
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ms«t«J during the manufacturing process. Alternatively drcular pipe sections about 
fony feet long are wdd«l together and strings of tuWng are tKSlSe^ 
casing ,s then coUapsed with the tubing located therein and wound on a small reel du^ 
to Its small height by comparison to its nominal diameter. The upper and lower end 

An opening tool is loaited m the lower end cylindrical portion. The opening Solhas a 
piston a«d a corneal forming head located above the piston. A pre^e ctom£ it 
created below the piston in the tower end portbn of the casing. 
1 ft ^ is deployed from the fed and folded in a horseshoe shape prior to 

ISTfl M ^ P'"^'" "^"^^^^ '° '^'« •> cylindri J shie 

The fluid presaire acts agamst the piston to push the opening tool upward TW$ 

cau«s the head of the opcrang tool to form the casing from the coZS/foS 
1. t^S fron:^^"' ^'^"^ ^ are 

Prrfwabty. two strings of tubing are installed in the casing while it is being 
manu&ctured. One of the strings of tubing serves to pump a c^ent shiny do,IS 
through a c«nent shoe located at the lower end of the casing. The cement flows back 
up the anmilus surrounding the casing to cement the casing in place. Then fluid is 
20 pumped down the other string of tubing to open the casing. 

Also after the opening tool reaches the upper end of the casing, a forging tool 
IS used to expand the upper end cylindrical portion of the casing into a metal to metal 
sewing engagement with the lower end of the previously cased section of the well In 
the preferred embodiment, this involves releasing the ninnmg tool from the upper end 
25 of the casmg after the collapsed portion of the casing has been expanded then 
lowenng the forging tool located above the ninning tool mto the casing Fluid is then 
pumped down to radially forge the upper end of the casmg into engagement with the 
lower end of the previous one. 

,« r>» too« inchides a forming head with a conical body with flutes 

30 Bans roll aloog the flutes in rolling engagemem with the casing wall as it is being open 
to a Qiindrical configuration. The balls force the opening of the casing as they roll 
along the flutes. The balls roll from the flutes into a lower ball passage an axial 
passage, mto an upper passage, and back into the flutes in a continuous eyde 
Alternatively, the forming head comprises a conical body with thin dual conical 
35 segments to increase the forming head diameter 

BrirfDescriptinn pf Drawing ! ; 

Figures lA-lD comprise a vertical sectional view of an assembly for casing a 
weU. mcludmg a collapsed string of casing being installed in a weU along with a 
40 running tool and an opening tool. 

Figure 2 is a cross sectional view of a portion of the running tool of the 
assembly of Figures 1 A-ID. taken along the Une 2-2 ofFiguie IB. 

Figure 3A b a sectional view of another portion of the running tool of the 
assembly of Figures lA-lD. taken along the line 3-3 of Figure IB. 
45 Figure 3B is another sectional view of the running tool taken along the line 3-3 

of Figure IB. but showing the running tool shifted to a released posttioa 
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Figure 4 is a sectional view of an intermediate portion of the casing of the 
assembly of Figure 1, taken along the line 4-4 of Figure IB. 

Figure 5 is a sectional view of a ponion of the opening tool of the assembly of 
Figure IC, taken along the line of 5-5 of Figure IC. 
5 Figure 6 is another sectional view of a portion of the opening tool of Figure 

IC, taken along the line 6-6 of Figure IC. 

Figure 7 is a sectional view of the cement shoe of Figure ID. taken alons the 
line 7-7 of Figure ID. 

Figures 8 A and 8B comprise a sectional view of a portion of the assembly of 
10 Figure I, shown after cementing and during the opening of the intemiediate portion of 
the casing. 

Figure 9 is a sectional view of the assembly of Figure 8A, taken along the line 
9-9 of Figure 8A. 

Figure 10 is a sectional view of the assembly of Figure 8 A, taken along the tine 
15 10-10 of Figure 8A. 

Figure 1 1 is a sectional view of the assembly of Figure 8B, taken ak)ne the Une 
1 M I of Figure 8B. 

Figure 12 is a sectional view of the forging packers of the assembly of Figure 
lA, shown lowered into the upper end portion of the casing and in the process of 
20 forging the upper end portion of the casing into sealing and locking engagement with 
the lower end of the upper cased section. 

Figure 13 is a sectional view of one of the forging packers of Figure 12, taken 
along the line 13-13 of Figure 12. 

Figure 14 is a sectional view of the well of Figures lA-lD, shown after the 
25 casing has been set and the installation apparatus retrieved. 

Figure 15 is a schematic sectional view illustrating a step in manufacturing the 
collapsible casing of Figures 1 A-ID. 

Figure 16 is another schematic sectional view of the casing of Figure lA-ID, 
showing the addition of an outer layer in the case of a muIt^Dle layer casing 
30 Figure 17 is another schematic sectional view of the casing of Figure 16, 

showing the wddiiig of the additional layer. 

Figure 18 is a sectional view illustrating one of the end portions of the casing 
of Figures 1 A-ID with a dual layer configuration. 

Figure 19 is a schematic view iUustrating the collapsed casing of Figures lA- 
35 ID being uncoiled from a reel, folded in a horse shoe shape and lowered into a well. 

Figure 20 is a flattened sectional view of the casing of Figure 19, shown along 
the line 20-20 of Rgure 19. 

F^;ure 21 is a folded sectional view of the casing of Figure 19, shown along 
the line 21-21 of Figure 19. 
40 Figure 22 is a schematic view illustrating valves for controlling the flow of 

fluids to the installation apparatus of Figures 1 A-ID. 

Figure 23 and 24 are isometric views illustrating an alternative design for the 
opening tool inchiding expander segments. 

45 Best Mode f or Canytny Out the Invention 

Referring to Figures 1 A-ID, the well ilhistrated has a cased section 1 1 which 
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has already been cemented in place and an open hoJe section 13 which extends bdow 
cased section II to the target depth. A continuous string of casing 15 according to 
the invention is shown in place in the well with a lower end portion 15a at the lower 
end of the well open hole section 13 Casing 1 5 has an intermediate portion 35b that 
extends from the lower end portion upward, typically several thousand feet, to an 
upper end portion 15c, Upper end portion 1 5c overlaps the lower portion of cased 
section 11 Casing lower and upper end portions 15a, 15c each are somewhat 
cylindrical with axially extending comigations 17 as shown in Figure 5 Corrugations 
17 are straight axially extending channels on both the inner and outer diameters of 
casing, providing inward protniding valleys 17a alternating with outward protruding 
peaks 17b. Intermediate portion 15b. shown in Figure 4. is collapsed and folded 
having a bight 1 8 that curves inward and touches the opposite side, which is generally 
arcuate when lowered into the wellbore. 

Referring to Figure ID, a cement shoe 19 is located at the lower end of casing 
15 lower end portion 15a. Cement shoe 19 provides a end cap for casing 15 and is made 
of drillable material with a cementing port 20 extending axially through it. A metal 
stinger 21 engages sealingly into the upper portion ofcementing port 20. Stinger 21 is 
a tubular member having a conduit 23 for pumping down a cement slurry through 
cementing port 20 which flow back up the annulus space surrounding the casing 15, as 
20 indicated by the arrows. Stinger 21 has also some flow ports 25 which are isotaed 
from conduh 23 and lead to the exterior of stinger 21. 

A cement sUirry tubing 27 extends continuously through casing 15, and has its 
lower end coupled to stinger 21 for connecting with conduit 23. Similariy, a fill-up 
tubing 29 extends continuously through casing 1 5 and has hs lower end coupled to 
25 stinger 21 for ddivering fluid to ports 25. Tubing strings 27, 29 are, conventional 
metal coiled tubing strings of about one inch in diameter. 

An opening tool 3 1 is housed in casing lower end portion 15a, shown in Figure 
IC, above stinger 21. Opening tool 31 includes on its lower end a piston 33. Piston 
33 is an dastomeric cup sliding seal, which has straight axially extending grooves on 
30 its exterior for meshing with the corrugations 17 of casing lower end portion 15a. 
Piston 33 has a packing element 33a to seal around tubing strings 27, 29. A pressure 
chamber 35 is located in the space surrounding stinger 21 above cement shoe 19 and 
below piston 33. In the ruraiing-in position, as shown in Figure ID. pressure chamber 
35 is at its minimum volume. A cylindrical metal piston head 37 extends upward from 
35 piston 33. Piston head 37 is engaging a sleeve 48 which a smaller outer diameter than 
the inner diameter of casing lower end portion 1 5a at valleys 1 7a. 

Openhig tool 31 has a tapered or conical forming head 39 that Upcrs from a 
smaller diameter upper end to a larger diameter at lower end. Head 39 has vertical 
flutes 41 which align with valleys 17a, as shown in Figure 5. A pluralhy of balls 43 
40 roll down flutes 41 of head 39. Balls 43 are movable through two axial passages 45, a 
plurality of lower lateral passages 47, and a phirality of upper lateral passages 49. 
Piston head 37 tnttiaDy is m a lower position within a sleeve 48 of head 39, provkiing a 
chamber for a number of balls 43 as shown in Figure IC. When piston head 37 is 
pushed upward, until it will enter in contaa with a flange 50 of head 39 as shown in 
45 Figure 8A, it will push the balls 43 upward through axial passages 45. Balls 43 move 
outward on upper ball passages 49, down flutes 41, and back inward in lower ball 
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passages 47 to axial passages 45 in a continuous cycle as body 39 moves upward in 
casing 15. 

Referring again to Figure IC. opening tool 31 has a cylindrical lop end 51 
which has an outer diameter equaJ to the minimum inner diameter of casing lower end 
> portion 15a, which is measured at valleys 17a Balls 43 will engage valleys 17a when 
contained in flutes 41 and bend the casing wall to line up with expanded peaks 17b 
While at the upper end of flutes 41, the diameter from one ball 43 to an opposite bail 
43 is substantially equal to the diameter between valleys 1 7a. When balls 43 are at the 
lower ends of flutes 41, as shown in Figure 8A, the outer diameter of fonning too! 3 1 
measured from one bail 43 to an opposite ball 43 at the lower ends of flute 41 is 
greater than the minimum inner diameter of casing lower end ponion 15c 
Consequently, balls 43 push valleys 17a outward to open, in a smooth circular 
configuration, the upper end of casing lower portion 15a as opening tool 31 moves 
upward. 

Due to the relative stiffiiess of the casing metal wall, the intermediate portion 
15b is opened from its folded configuration ahead of the opening tool 31, and the 
contact between the inner wall and the opening tool 31 is made only by the balls 43 
rolling on flutes 41 of the conical fonming head 39. 

Referring to Figure IB, a running tool 55 is located at the top of casing upper 
end portion 15c. Running tool 55 is a tubular member which has an outer sleeve 56. 
The exterior of outer sleeve 56 has vertical grooves 58 between vertical bands 58a 
Outer sleeve has a set of threads on bands 58a which engages a mating set of threads 
57 formed on valleys 17a in the upper inside end of casing upper end portion 15c. 
Because of corrugations 17 and grooves 58, threads 57 will be discontinuous and 
located only on the valleys 1 7a. 

Outer sleeve 56 is supported by an inner body 59, which has a smooth 
cylindrical exterior. Outer sleeve 56 has a J-pin 61 that protrudes inwardly into an 
elongated U-shaped J-slot 63 formed in outer body 59. J-slot 63 has a first leg 63a 
and a parallel second leg 63a joined at the bottom. During running-in of casing 15, J- 
pin 61 win be at the upper end of the first leg 63a and maintained in this position' by 
the weight of the casing 15 hanging on the nmning string connected to the mner body 
59. After casing intermediate portion 15b has been opened^ the weight of the casing 
15 is supported by the numerous conucts witi) the inner wall of the borehole. After 
opening has been completed, the operator will lower the running string 72, which 
lowers the inner body 59 relative to outer sleeve 56. Subsequently, the operator will 
pick up the ninning string 72 to place the J-pin 61 in the second leg 63b. This causes 
sleeve 56 to rotate an increment, as shown by the arrow m Figure 3B, disengaging the 
threads on outer sleeve 56 from threads 57. Bands 58a on outer sleeve 56 align with 
peaks 1 7b. allowing running tool 55 to be lowered into casing upper end portion 15c. 

Running tool 55 has a main supply passage 64 connected to the passage in the 
lower part of packer string 69 i^rfiich extends into niner body 59. A cement shiny 
passage 65 (Rg. 3A) connected to tubing string 27 is k)cated in running tool 55 and 
can be connected to the lower end of mam supply passage 64. Similariy, a fill-up 
passage 67 connected to tubing string 29 can be connected to the lower end of main 
supply passage 64.. 

Inner body 59 of running tool 55 is connected to the packer string 69 by 



WOMV>7957 



- 6 - 



PCT/IB97AX)994 



10 



IS 



threads. The upper part of packer string 69 features a centralizer 70. Two or more 
forging packers 71 are mounted on the packer string 69 between centralizer 70 and 
inner body 59. Fofging packers 71, when supplied with high internal pressure from a 
down hole pressure mukiplicator (not shown), will inflate and radiaUy expand to 
plasticaUy forge the upper end of casing upper end portion I5c, as shown in Figure 12 
Hydraulic passages 73. extending through packer string 69. can be comiecied via 
pressure multiphcator to lower end of main supply passage 64 within running tool 
inner body 59, Paker string 69 is connected at centralizer 70 to a the running stifne 72 
whch extends to the surface. Preferably, nimiing string 72 is another string of coiled 
Uibmg approximately two inches in diameter. Packers 71 have exterml axial grooves 
74 which vnn align with valleys 17a of casing upper end portion I5c when packers 71 
are lowered mto upper end portion 15c with the centralizer 70 landed on too of the 
casmg 1 5c as shown in Figure 12. k ^ 

Referring to Figure 22, in the preferred embodiment, elearicaily actuated 
valves 75, 77 and 79 are mounted in running tool inner body 59 (Rg. IB). Vahrc 75 is 
m slurry passage 65 and opens and closes flow to tubing 27. Valve 77 is in opening 
fluid passage 67 for opening and dosing flow from main supply passage 64 to tubing 
29. Valve 79 is m pressure passage 73 for opening and closing pressure fluid from 
mam supply passage 64 to forging packers 71 (Fig. 1 A). Electrical valve control wires 
20 (not shown) extend through coiled running string 72 to the surface to a comrol panel 
A smaU accumulator (not shown) supplies hydraulic fluid to valves 73, 77. 79 to open 
and dose them when dectrically actuated. Pumps 80 on the surftcc. which couJd be 
either cement or mud pumps are used for delivering pressure fluid down main suppiv 
passage 64. ^ 

25 Referring now to Figure 15, casing 15 is fabricated by drawing a first metal 

strip 81 from a reel and b«idnig two edges down around two laterally spaced apart, 
paraUd continuous strings of coil tubing 27, 29. As shown in Figure 16, the edges are 
bent over and wdded at seam 82. The upper side is bcm into a concave shape 
touching seam 82, while the lower side is flat. Then, a second strip 83 is drawn from a 

30 red and bent to have upturned edges. As shown in Figure 17, second strip 83 is then 
bent by rollers around first strip 81 whHe first strip 8 1 is in the configuration shown in 
Figure 16. Rollers then bend the upper side of strip 83 into a concave shape as shown 
in Figure 20. Casmg 15 thus is double-walJed and has a flat side 85 that extends 
between paraUd tubing strings 27. 29, generally tangent to outer diameter portions of 

35 tubing strings 27, 29. 

The use of two walls for casing 15 reduces the amount of strain that would 
otherwise occur during opening plastic deformation with a single wall casing having 
the same total thidcness. Three or more wall casings might be desirable in certain 
cases. Casing made of multiple wall needs good friction between the wall to resist 
40 external pressure. Known firiction enhancing techniques sudi as surface stamping, 
surface treatment or coating are desirable to offer adequate external pressure 
capability when open. Also the drcumfercnce of the external wall can be made slightly 
smaller than the previous one to offer adequate fretting of the wall vAKn casing is 
open. 

45 Casing 15 wiU be coiled on a red 87 (Fig. 19) while in the configuration shown 

in Figure 20. Reel 87 is a large member capable of holding up to 5000 feet of casing 
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IS which has a 5-1/2 inch ectenial diameter when expanded to a cylindricaJ 
configuradon. F«ure 18 diustrates corrugations 17 which are formed on both the 
upper «ul tower eixi portions I5c, 15a (Figs IB. ID) by a roDer corrugatSI 
operation. IT* upper aad lower end ponions 15c. 15a renain generally cylindrical 
although corrugated. The straight upper and lower end portions I Sc. 15a ire wJ^a 
few feet ,n length and are not wound on reel 87 during transportation from the 
manufactur^g plant to the well site. 

When deploying casmg IS from reel 87. casing intcfmcdiate portion 15b will 
finjt pass throu^ a s«t of bending roller. 89 as shown schematically' i„ RgTlT 
Foldmg rollers 89 wJl fonn casing 15 from the collapsed flattened configTtion of 
F«ure 20 to the folded collapsed configuration shown in figure 21. TOs cr^XJi 
1 8. and posrtions tubing stnngs 27. 29 closer toward each other. The maximum wiSh 
of c^g imermediatc portion 15b in the rounded coUapsed configuration of Figure 

2f " The maximum ^dth 

of casmg intermediate portion ISb while in the collapsed flattened configuration of 

Rgure 20 IS greyer than the inner diameter of cased section II. Associated with the 
folding rollers 89, a gnppmg and pushing mechanism 91 is employed. Tlie fbldinit 
pushmg mechamsm 91 is constructed generally as in a com^entional coil tubing pushing 
mwhanisms It gnps casing 15 without deformation, pulls it from reel 87. aml^ushes 
It downward mto the well. The horseshoe shape of Figure 21. resists the compression 
appbed by gnppmg and pushing mechanism 91 while being pushed into the well 

During installation, easing 15 will be uncoiled from red 87 and pushed bv 
mechamsm 91 mto the well until cemem shoe 19 is close to the bottom of open hole 
section 13. The length of casing 15 will be previously selected so that the upper end 
of portion 15c extends into cased seaion 1 1 (Fig. IB), overlapping it over a 
substantial length. Valves 77, 79 are closed and valve 75 (Fig. 22) is open and cement 
pump 80 pumps a cement shmy 92 (Fig. 9) down the passage 64. 65 through open 
valve 75 and down cement shmy tubmg 27. As shown by the arrows in Figure ID 
the cement shiny flows down passages 23. 20 and flows up the anmihis spac^ 
surroundmg casing IS. *^ 

A selected volume of cement will be pumped based on an estimate of the total 
vohime of the anmilus as if casing 15 had already been opened to the cylindrical 
configuration. Because of the colhqised rounded or horseshoe configuration of casing 
mtermediate portion ISb, a much greater annulus volume initially will be present 
around casing intennediate portion 15b. as shown m Figure 9, facilitating circulation 
Consequently, untially. cement 92 will normally not completely fill the annuhis to the 
top of casing upper portion 15c. During tiie pumping of cement, displaced drilling 
fluid, or retiims. will flow up die comigations 17 of the casing upper end section 15c 
into die annuhis surrounding running tool 55 flow by poru 60. The returns flow up 
around the fotging packers 71 and around Uie annuhis sunounding running strins 72 
tothesurfioe. 

After pumping the calculated vohime of cement slurry, a selected volume of 
flushing fluid will be pumped down cement slurry tubing 27. The volume is selected to 
be just tiie amount needed to push cement slurry from conduit 72. tubing 27 and 
stinger 21 into die open borehole, but substantially no more. The valve 7$ is then 
closed and vah« 77 is open. DrilHng fluid is pumped down conduU 72, which flows 
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through passages 64. 67 and down fill-up tubing 29. The fluid flows out ports 25 into 
pressure chamber 35, shown in Figure 1 D. 

x'^.^T P""*"" "P*^ <"> Pisto" 33. which slides 

upward relatn* to tub.ng strings 27. 29 Piston head 37 pies balk 43 from 

space m sleeve 48 upward into passages 45. as can be seen^ comparing fi^" W 

begins to push the openmg tool 31 upward while tubing strings 27 29 ^„ 
stauonar/. D«e to the engagement of balls 43 with head 39 and casing lowers 
potticn ISa^balls 43 are forced to roll down the inclined flutes 41. p„s^nl ^T^^ 

bodv ".i**" ""o"'" ^ ^ engagement with conical 

body 39 as shown m Figure 8A. Upper end 51 wiU move upward into Z 

l."T '21'^'?" •'P*^ "^"8 ^ ^ cSnapsed foldeS 

configuration of Figure 9 to the cylindrical configuration of Figure 10 Dutin* the 
asmg expansion process, the annulus surrounding casing imermediale portion I Sb 
decreases, pushing cement slurry 92 upward, and returns wUl flow up into the channel 
spaces between corrugations 17 of casing upper end portion 15c and cased section 1 1 
Someof the cement slurry 92 will flow out above mnning tool 55 to insure a proper 
seal between casmgs when they will be later forged together. As forming tool 31 
moves upward, the volume of pressure chamber 35 increases. This process wUI 
continue for the entire length of the casing which could exceed several thousand feet 

• . K u"l?^-^' '•^^'^ "PP<^ ^ portion 1 5c. At this 

point balls 43 will push outward on valleys 17a to round the corrugated configuration 
7 into a cylindncal configuraUon in the same manner as at casing lower end portion 

15a. Forming tool 31 win evemuallycomact the lower end of mnning tool 55 which 
protnidw a short distance into casing upper end portion 1 5c. shown in Figure 1 B 

nie ninning tod 55 wiU be released from threads 57 by letting running strinji 
72 go down a short distance, then pulling upward. While lowering, tubing strings 27 
29 will spiral slightly along their lengths to accommodate the compression The 
dowmrard movement of inner body 59 relative to outer sleeve 56 causes J-pin 61 to 
move firom first leg 63a to second leg 63b. When this occurs, an incremental amount 
of rotation of sleeve 56 occuis relative to imier body 59. This rotation, as illustrated in 
Figure 3B, causes threads 57 to disengage from the threads on sleeve 56 releasing 
runmng tool 55 from casing upper end portion 15c Grooves 58 on outer sleeve 56 
will now be aligned with valleys 17a. 

The operator then again drop runmng string 72 to place forging packers 71 
wthin casmg upper end portion 15c as shown m Figure 12. Because of the alignment 
of axial extonal grooves 58 and external grooves 74 (Figs. I A. IB) with conugations 
17, outer sleeve 56 and packets 7] will pass downward within casing upper end 
portion 15c. Centraliicr 70 is closely spaced to the inner diameter of cased section 1 1 
and win land on the upper edge of casing upper end portion 15c. Valve 77 is novv 
dosed and valve 79 open (Fig. 22). Pressurized fluid is supplied with mud pump 80 
through runmng string 72. This pressure which wiU be multiplied by a known pressure 
muhipHer. causes the forging packers 71 to inflate and plastically detbm a portion of 
upper end portion 15c out into a tight grip|Hng and sealii« engagemem with cased 
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section U. 

The fluid pressure is then bled off to allow forging packers 71 to retract The 
mnning stni« 72 ^ hftcd to pull up running tool 55. Tubing strings 27. 29 wiU move 
upward along with stuiger 21 and opening tool 31. The entire ass^ly is pull J^t 
of the well and red bade on the red 87. Figure 14 illustrates casing 15 Jithout the 
.nstallauoo apparatus. Casing hydrostatic pressure tests can then be done against Z 
shoe and dnllmg can resume Just aaer. Also. Figure M shows that cased seSon 11 
my be of a continuous expandable type installed as a liner to another cased section 
93. Cased section 93 is shown to again be an expandable type instaOed in the same 
J-nner as descnbed and located within a conductor 95 that i?U,reJSdto a wIlS 

• f ^fu'f alternative design for the opening tool 3 1 where 

segments 34 and 36 dide downward from an upper retracted position (Fig. 23) to a 
tower expanded position (Fig. 24). then stop against a shoulder 38a tecSed at tfie 
bottom of the corneal forming head 38. The segments 34 comprises a main segment 
34a sliding along a retaining guide 38b attadied on the corneal forming head 38 On 
both sides of segment 34a, two segments 34b an hinged. Segmrats 36 which 
complete the expanding ring 30 (Fig. 24) slide on its ow^reudni^g guide 38c dS 
attadied on the conical forming head 38. A stabilizer 38d is attached on the top of the 
conicd forming head 38 to prevent contact between the segments and the ID of the 
comigated portion for easier instdlation of the opening tool. The fingers of the 
stabilizer 38d bend when the tool is pumped up dlowing the segments to contact the 
casing mtemal surface. The dual conical segments 34a. 34b and 36 can be made of 

The piston 33 (Fig. 23) is an dastomeric cup sUding seal with straight axiallv 
extendmg groove to fit the corrugated end straight section of the casing which 
comprise two parts: a metal support washer 33b which is corrugated and bonded to a 
d«tomenc paddng dement 33c and a lip type seal 33d. Ftgure 24 iUustrates the 
deformation of the piston 33 with the suppoit washer 33b being flattened up and 
dastomenc parts 33c and 33d deformed to cylindrical external surfeces by the fluid 
pressure. ' 

^ invention has significant advantages. As can be seen in Figure 14 the 
difference m the imier diameters of one cased section to the next upward cased sedion 
IS no greater than the wall thickness of the lower cased sectioa This reduces 
substanually the loss diameter from one casing string to another, allowing dmost 
monodiameter dnlhijg. It dlows a smaller cased section at the top of the i^ for a 
giv«j bottoin diameter and depth than prior art wdls. Monodiameter drilling dlows 
smdler bits, less mud, less cuttings to be disposed of. and less cement to adrieve the 
same final size wdl. This method dlows one to have shorter and more different 
diameter strings than m the prior art. The method can be perfonned without the need 
tor a hoistmg mast if dnUing is done by turt>ine driven drill bit on oofled tubing 

While the invention has been shown in only one of its forms, it should be 
apparent to Uujse dolled intheanthaiitisnotso limited, but is susceptible to various 
dianges without departing from the scope of the im^ention. For example, rather than 
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coiled tubmg ninmng anng 72, if a hoisting mast is available, conventional drill Dii.c 
may be us«d In that event, rather than electrically actuated valves, the caS 
accomphsh«^ by baHs or darts down the conduit 64 to sclectivdy dose 175,^1^ 
passages. Also, rather than dastomeric packers for expaiKling L casing vZTenS 
pomon. other pressure ««uated metal radially exp««JablVmember» nu^e 
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Claims 

I An apparatus for casing a weU. the mtprovement chancterized by the combination of 
a contBHious m^al casing (1 5) that is wound onto a reel (87) into a gereraliv 
collapsed configuration (Fig. 20); "-fccrerauy 

deploying means (Fig. 19) for deploying the casing from the reel into the weU; 

cn„fio.^'!"^"^»""^r°/^*? '""'i'"' ^^'nuous metal casing from the collapsed 
configuration mto a cyhndncal configuration. *^ 

onJil!3^' *° ^'herein the opening means consists of an 

Srf«^ ^I h ""P^*^ " P'«°" ("). a conical forming head (38. 39). above the 
p«on (33) and fonamg a pressure chamber (35) between a closed end J he pisZ 
to«ted m a closed straight end portion of the casing that is genendly cylindri«I Z 
nS^n lE*hTr* * ^'^^ the pressure chamber, which acts a^^st the piston 
(33) to push the openuig tool inside the continuous metal casing (15) causing the 
wmcj fomung head (38. 39) to nrfially open the contimious met5 casing (15) fr^ 
the collapsed configurauon into a cylindrical configuratioa 

3. The an>aratus according to claim 2. wherein the closed straight end portion of the 
caang (15) has Kially cctending corrugaUons (17) having a maximum radial 
wXSon ^^'^^ dimension of the casing (15) in the cylindrical 

^,oN?' *PP^Vf ««0f*"8 to claim 2. wherein there is. at least, one string of tubing 
£e tuwSr^ ''^^ ^ 

5 The apparatus according to claim 4. wherein the opeuQg tool (31) is located in a 
closed lowCT end portion of the casing (7Sa) with the picssuie chamber (35) below it 
and the fluid is pumped down the string of tubing (29) into the pressure chamber (35) 
actmg against the piston (33) to push the opening tool (3 1) upward. 

6. The apparatus according to claim 4. wherem there are means for pumping a 
<^ shiny down the tubing (27). which flows back up an anmilus sumwnSthe 

r T^e appanmis acoordiqg to claim 2. wherein there are means on the opening tool 
(31) fat eqgagmg the colhqtsed poitlon of the casing in rolling contact (43) as the 
openuig tool bends the casing wall into the generally cylindikal configuration. 

TThe apparatus according to claim 2. wherein there are means on the openmg tool 
(3 1) for mcreasmg the diameter of the conical formhig head (38. 39). 

means to increase the diameter of 
the conical formii« head (38) are expander duel cone conical segments (34a. 34b 36) 

located m a retracted position and are staggered further up and in contact with the 
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conical forming head (38). 



:^™«V(T4r3TbX^^^^^ 0^ -.c 

«7w! "PPir" «*°««J''S to claim I. wherein while the casing (15) is on the »!el 
(87 . the cas«.g has a generally flattened configuration (Fig. 20) and JLei^ Te 
deploying means (F,8. 19) also comprises bending means bendS^ tre flS,«^ 
co^gumion o the casing into an arcuate generally horseshoe co.rfig,Stion (Fig^ 
as the casing (15) b deployed from the reel (87) and prior to enlty into the wjl 

ItVUL^^ f*^'"* to claim 1 1. wherein there are two strings of tubing (27 
29) located .ns.de the cas.ng at both ends of the flattened cotifiguration (Rg. 20) 

13 . The apparatus according to claim 1. wherein there are- 

a straight upp^ end portion of the casing (15c) that is generally cytindrical 
a running tool (S5); ' ' 'uin-ii, 

the casi!.?^"* """^"^ '° "PP*' "'^ P°«'0" °f 

casing i"triSl; ""'"""^^ ' """'"S '"^"^ <^2) for lowering the 

T*"! '^^"^ ""^"8 <5^> ^ "PPer end of the 
casing after the casing has been opened into the cyBndrical coidiguration for retrieving 
the runmng stnng (72) and tunning tool (55). * 

14. The apparatus according to claim 13. wherein there are: 

at least, one string of tubing (29) located inside the casing and the openins tool 
pBton has sealmg means (33a) around the tubing. "i~"b 
tool securing the upper end of the string of tubing (27. 29) to the running 

means to retain the openii^ tool on the strii% of tubing: 

the releasable means releasing the running tool (55) from the upper end of the 

!Z "^^"^ "^"8 ^'2^' ""^ °P«^"« (3 1) and the striiig of 

tubmg (27, 29) after the casing has been opened into cylindrical configuration. 

15 The apparatus according to claim 1. wherdn the well has an upper cased section 
(H). and wherein the apparatus further comprises means (71. 74) for plasticallv 
deforming the upper end of the casing (15c) into engagement with the upper cased 
secnon of the wdl (11). 

16. The apparatus according to claim I. wherein the casing comprises at least two 
concentnc sleeves (81, 83) in tight contact with each other. 

17. The apparatus according to claim 3, wherein the corrugated casing straight end 
porton (15a. ISc) comprises at least two concentric sleeves (81, 83) in tight contact 
with each other. _ ^ • / ««««« 
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18. The apparatus according to claim 1. wherein there are: 
first and second strings of tubing (27. 29); 

a continuous metal casing (15) having an'intermedialc ponion (15b) formed in 
a generally flattened configuration (Fig. 20) with the first and Lond Ss oS„o 
contajned therein and laterally spaced apart; ^ of tubing 

the casing having a gcneraUy cylindrical lower end portion (15a) 
an opening tool (3 1 ) located in the lower end portion which tm a piston (32\ 
and a conical formiog head (38. 39); hm* a piston (j 

a cement shoe (19) at the lower end portion below the piston (33) which can 
be made m communication with at least one string of tubing (27) 

sSoii:;Sng :?:utg"(5' '''' - ^ m j^j: 

a rumung tool (55) attached to the upper end portion of the casing, the fim 

mnnrng t<»l (55); the nmning tool (55) being secured to a running string (72 hr 
low^mg the nmnmg tool (55) and the upper end portion of the caing (Tsc) in Z 
cased section of the well (1 1) and the intermediate portion (15b) and 5« iowcT^d 
portion of the casing (15a) in the open hole section of^he wdl (13) 

m\ o '^"'"^ P^P*"** cement down at least one string of tubine 

(27) and out the cement shoe to return up the annulus surrounding the casing 

OQ^ In."'!? '""'""^ T^! P"'"P'"8 * ^'^'^ '^o^ 'cast one string of tubing 
S n n "'^r^ chamber, which acts against the piston (33) to push L opem"S 
tool (31) upward relative to the casing (15) and the string of tub^g. causinTAf 
forming head (38. 39) of the tool to bend the casing wall of the inten,Sd.rSS„ 
into a cylindncal configuration; and ponion 

casina ^IST^^'r^f^'"^ ^ "PP" P<»tion of die 

«smg (15c) and rttnevmg the ninning tool (55) . the opening tool (3 1) and tbe first 

(27) «d second (29) strm^^ of tubing after the intermediate portion of the «Z 

( 1 5b) has been opened into the cyOndrical configurau'on. 

1 9. A method for casing in a wellbore, comprising 

a reel ^^^^ * cominuous metal tubular casing (15) and winding the casing onto 

lowering the casing ftom the red into the well (Fig 1 9) and 
configuS* ^ ^ configuration into a cylindrical 

20. A method according to claim 1 9, fiirther comprising: 

.Placii« at lost one string of tubing (27) into the metal tubular casing prior of 
coUapsmg and winding the metal tubular casing onto a reel (87) 

nJcnn jS^'V' * 'l*^""! «f »»» an opcnini tool (31) which has a 

puaon (33) and a conical forming head (38. 39) and providing a pressure chamber (35) 
between the closed end portion and the piston (33); H cnamoer (Jij 

lowering the casing (15) firom the reel (87) into the weU; and pumping a fluid 
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21. A method according to claim 20. fiirther comprising 

lowenng the casing (15) from the red (87) into the w^U «nH h.n^- u 
Hatlened configuration ofthe casing; and ^ ™o well and bending the 

pumping a fluid down the tubing into the pressure chfliBh<.r i. 
agatnst the piston (33) to push the owning tool ST-^S^o L^i:^?.?? 
^smg the forming head (38. 39) to grl t? its nomiiltEg^^^o S 
and drdi the casmg from the collapsed configuration into a cyfindn^ c^mioT^ 
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